INTRODUCTION
In recent times, ensuring energy supplies for the future is an important issue for researchers. Ethanol, derived from many agricultural products 1 , can become a sustainable fuel instead of fossil fuels 2 . However, the declining availability of raw fossil materials leading to unusual global distribution patterns and higher prices, has encouraged the chemical industry to consider a progressive changeover to the use of renewable feedstock such as light alcohols. Thus, the production of light alcohol has increased in large quantities and for which competitive dehydration reaction processes are available 3 . Furthermore, these processes have many additional advantages, in particular the reduction of carbon dioxide CO 2 emissions, lower operating temperature, lower production costs and cleaner technology for ethylene production 4, 5 . Recently, considerable developments have been reported in the use of ethanol and ethanol based oxygenates as alternative motor vehicle fuels, fuel additives 6 or as a feedstock to produce hydrogen 7, 8 . On the other hand, there is also growing interest in Lewis acid sites, and even basic acid catalysts, give rise to acetaldehyde as the main product by dehydrogenation reaction of ethanol. In addition, it has been reported that Brønsted acid sites are more active and selective than Lewis acid sites 32, 33 . In spite of the presence of both Brøn-sted and Lewis acid sites in bulk catalysts, their relatively low surface area and small pore sizes limit their potential applications. The use of mesoporous silica as a catalyst support, like SBA-15 having high surface area, uniform pores size distribution and thermal stabilities, favors the dispersion of the active phase and increase in the number of acid sites available for the dehydration of ethanol leading to increased catalytic activity. Moreover, the incorporation of heteroatoms Zr, La or Ti in a single step during preparation of the mesoporous silica is able to generate a high number of acid centers 34 36 . It is well known that the acidity of the active phase is a key factor, which affects the catalytic activity depending on the types of acid sites. In fact, several authors have proven that Brønsted acid sites provide higher values of ethylene yield 37, 38 . This significant finding has been also corroborated by Salas et al. 35 , who recently employed the surface acidity of the Zr-based mesoporous molecular sieves and found that SiO 2 /ZrO 2 with worm-like pores could be obtained by sol-gel method. The sample with low SiO 2 /ZrO 2 molar ratio exhibited larger amount 5 higher of Brønsted acid sites. Likewise, Liu et al. 39 suggested that the bimetal Zr and La incorporated SBA-15 mesoporous materials ZLS with a desirable ordered 2D hexagonal structure, which can create new active sites especially Brønsted acid sites, were synthesized by a direct hydrothermal method. To the best of our knowledge, no work in the literature has yet reported on the use of zirconium and bimetal of zirconium and lanthanum Zr-La supported on SBA-15 catalysts upon different preparation methods in catalytic ethanol dehydration reaction. Therefore, in this present study, zirconium and bimetal of zirconium and lanthanum Zr-La containing mesoporous silicas SBA-15 synthesized by the sol-gel and one-step hydrothermal methods, were first used as catalysts for ethanol dehydration to explore an alternative way for improvement of the catalytic performance. In this work, a series of six different SBA-15 based catalysts was prepared using zirconium and bimetal of zirconium and lanthanum Zr-La containing mesoporous silicas SBA-15 by conventional sol-gel and one-step hydrothermal methods in the absence of hydrochloric acid to aim for environmentally friendly. The synthesized catalysts were characterized by means of N 2 physisorption, SEM/EDX, and NH 3 -TPD analysis. Then, all catalysts were tested in the gas phase catalytic dehydration of ethanol. The influence of their acid sites and textural properties on the catalytic behavior mainly on the ethylene yield was also elucidated.
EXPERIMENTAL

Catalyst preparation
The SBA-15 based catalysts were synthesized according to the procedure reported previously 39 O was maintained as 0.01/ 1/170/1/1. The mixed solution was continuously stirred for 20 h. The resulting gel was placed into a Teflon-lined autoclave container and submitted to hydrothermal treatment at a temperature of 100 for 24 h. After that, the reactive hydrogel was cooled down to room temperature. After this time, the solid obtained was filtered, washed with deionized water and absolute ethanol until the pH become neutral, and dried at 60 for 24 h. The structure-directing agent template agent was removed from the as-synthesized product through a solvent extraction procedure using HCl/EtOH solution 1 g of sample in 5 mL/150 mL for 24 h.
The obtained catalyst was dried at 105 for 24 h. The catalysts prepared by this procedure were designated as SBA-15-HT, where HT refers to the hydrothermal derived method.
Ethanol Dehydration Reaction
Activity and product distribution via gas-phase ethanol dehydration reaction of catalysts were determined using a fixed-bed microreactor I.D. 7 mm and length 0.33 m, made from a borosilicate glass tube . A glass reactor was placed into a temperature-programmed tubular furnace. In the experiment, 0.01 g of packed quartz wool and 0.05 g were loaded into the middle zone of reactor tube. Prior to testing, the catalyst was pretreated in nitrogen 50 mL/ min at 200 for 1 h to remove any moisture on surface of catalyst. The liquid ethanol was vaporized in a flowing of nitrogen by controlled injection with a single syringe pump at a constant flow rate of ethanol 1.45 mL/h i.e. the weight hourly space velocity WHSV 22.9 g ethanol g cat 1 h 1 . The reaction was carried out at temperature ranging from 200 to 400 by feeding the vaporized ethanol into the reactor. The products were analyzed by a Shimadzu GC8A gas chromatograph with flame ionization detector FID using capillary column DB-5 at 150 . To ensure the analysis of products, prior to the measurement, the calibration of GC was performed by calibrating the GC-FID with certified pure gas of ethanol, ethylene, diethyl ether and acetaldehyde of the desired concentrations using an internal standard technique. Duplicate injections of each standard were made and the average value was used for the calibration graph of each reactant and product. Then, the ethanol conversion and the selectivity of ethylene, diethyl ether and acetaldehyde were calculated.
Catalyst Characterization
The surface area and average pore volume were determined by N 2 -physisorption using Micromeritics ChemiSorb 2750 Pulse instrument. Measurement was performed at 196 . The pore size distributions were derived from the desorption profiles of the isotherms using the BarrettJoyner-Halenda BJH method, based on the Kelvin equation 42 .
The temperature-programmed desorption of ammonia NH 3 -TPD was carried out to measure the total surface acidity of the catalysts. In this experiment, the catalyst 80 mg was evacuated with helium at 550 , and then ammonia was adsorbed at 100 . Finally, the NH 3 -TPD was performed by raising the temperature from 150 to 550 to desorp ammonia, under a helium flow of 40 mL min 1 , with a heating rate of 10 min 1 . The amount of ammonia in effluent was measured via the thermal conductivity detector TCD as a function of temperature 40 .
The morphology and elemental distribution of the catalysts were characterized by scanning electron microscope SEM equipped with an energy-dispersive X-ray spectroscope EDX . SEM and EDX were used to investigate the morphology and elemental distribution of catalysts, respectively using Hitashi mode S-3400N. Micrographs were taken at the accelerating voltage of 30 kV and magnification ranging from 1000 to 10,000 and the resolution of 3 nm. The SEM was operated using the secondary scattering electron SE mode. The EDX was performed using Apollo X Silicon Drift Detector Series by EDAX. This technique provides the elemental chemical composition of a point or surface region, enabling identification of virtually any element present.
RESULTS AND DISCUSSION
Catalyst Characterization
The surface area and pore structure of all catalysts were determined by N 2 physisorption. The textural properties of the catalysts are consistent with the value of surface area and sample porosity as shown in Table 1 . For SBA-15 catalysts obtained by sol-gel method, the BET surface areas increased when incorporation with Zr and bimetallic Zr-La 1.06-and 1.24-fold of SBA-15-SG, respectively because metal oxides were not incorporated into the channels of SBA-15 or they were located mostly on the external sur- 43 , resulting in metal oxide easily incorporated into the channels of SBA-15 mesoporous structure 41 .
The different morphology of metal oxide on SBA-15 obtained by the sol-gel and hydrothermal methods can be proposed as shown in Scheme 1.
The surface acidity of the samples was measured by NH 3 -TPD under the temperature range of 150 to 550 . The number of acid site on catalysts was calculated by integration of desorption peaks of ammonia according to the Gauss curve fitting method, which are related to the acid sites on the catalysts. The typical NH 3 -TPD profiles for all SBA-15 catalysts are illustrated in Fig. 1 . In the figure, two peaks located between175-300 and higher temperature above 300 , were observed for SBA-15 catalysts indicating two types of acidic sites. Generally, the peak at lower temperature is attributed to weak acid sites, whereas the one at higher temperature is associated with medium-strong acid sites 40 . The acidity results are listed in Table 1 showing that the amount of medium-strong acid site was higher than weak acid sites for all SBA-15 catalysts. The SBA-15 catalysts prepared by hydrothermal method have higher amount of weak acid sites than that of SBA-15 catalysts prepared by sol-gel method. It has been reported previously that the catalysts with higher weak acid site show good performance in alcohol dehydration such as ethanol, glycerol and etc. leading to enhance the catalytic activity 40, 44 . 4 not shown data of Zr element was present in the channels of SBA-15, which is higher than the percentage variation of Zr-La/SBA-15-SG. Thus, this result reveals that the metal oxide was easily incorporated into the channels of SBA-15.
Catalytic performance of dehydration ethanol
In order to measure the catalytic activity and product distribution, the catalytic ethanol dehydration reaction was Scheme 1 The preparation scheme of metal oxide on SBA-15 structure obtained by the sol-gel and hydrothermal methods. are shown in Fig. 3 . The increased temperature apparently resulted in an increase in ethanol conversion of both catalysts obtained from the sol-gel and hydrothermal methods. It can be observed that the ethanol conversion obtained from SBA-15 catalyst was the lowest because of weak reactivity of silica surface. It can be observed that the Zr-La/ SBA-15-HT catalyst exhibited the highest ethanol conversion of 84 at 400 among other catalysts. The enhanced catalytic activity is related to the reaction pathway. Basically, for ethylene production via catalytic dehydration of ethanol, there are two competitive pathways during reaction. At lower temperature, diethyl ether DEE is significantly produced by dehydration of ethanol. At temperature above 350 , DEE decreases or disappears due to its decomposition to ethylene at high temperature 47 . Acetaldehyde is also produced by dehydrogenation of ethanol as a side reaction. Considering the product distribution, the selectivity of ethylene is related to the reaction temperature as also reported by many authors 48, 49 . The selectivity in mol is defined as the molar ratio of a specific product to all products present ethylene, acetaldehyde and diethyl ether . As shown in Fig. 4 , the pure SBA-15-SG and -HT catalysts exhibited the lowest ethylene selectivity at low temperature. However, the selectivity of ethylene gradually increased with incorporation of Zr and bimetalic Zr-La in SBA-15 catalysts with increased temperature. It is suggested that the incorporation of Zr and bimetal Zr-La into the framework of SBA-15 is responsible for the formation of Brønsted acid sites. Salas et al. 35 reported that the bond between Zr and Si leads to structural microstrain within in lattice cell and this is one of the possible origins giving rise to the Brønsted acid site. In fact, it should be noted that the addition of La metal into Zr/SBA-15 as the bimetallic Zr-La in SBA-15 for both methods did not increase ethylene selectivity significantly at high temperature ca. 400 . It is likely that this only increases the strength of medium-strong acid sites, but it does not affect the weak acid site.
In order to investigate the effect of preparation methods on ethanol dehydration, the SBA-15 catalysts synthesized by sol-gel and hydrothermal methods were studied. It was found that the SBA-15 catalysts obtained by hydrothermal method showed better activity for ethanol dehydration gaining the complete conversion at 400 than the ones obtained from the sol-gel method. Based on the results of NH 3 -TPD, it seems to have a relationship between the activity and the weak acid sites of SBA-15 catalysts. As seen, the catalyst possessing higher number of weak acid sites showed better catalytic activity on ethanol dehydration. The higher activity of SBA-15 catalysts obtained by hydrothermal method can be attributed to their higher surface area and higher amount of surface acidity, especially for the Zr-La/SBA-15-HT catalyst giving the highest ethylene selectivity of 95 at 400 despite having lower weak acid site 451.8 μmol NH 3 /g cat. than the Zr/SBA-15-HT 830.9 μmol NH 3 /g cat. . This can be explained by the reduction of its surface area, blocking of NH 3 molecules whereupon the number of acid sites decreases 41 . In addition, the similar trend was found by Chanchuey et al. 47 , where they reported that the acid property of catalysts depended on the metal loading. They found that increased metal Mo loading in catalysts Al-SSP resulted in increased weak acid sites, which enhanced the catalytic activity of ethanol dehydration. It is generally accepted that the amount of weak acid site is probably more related to the Brønsted acid site indicating that it has relative stronger strength of acid sites in dehydration reaction. In contrast, Lewis acid site is more related to the strong acid site 50 .
In addition, the pure SBA-15 catalysts obtained by sol-gel and hydrothermal methods still showed high acetaldehyde selectivity of 62 and 63 at 400 , respectively, although they had weak reactivity of silica surface. Jankowska et al. 51 reported that thermal treatment or the temperature used in the reaction at 400 presented the basic functional groups more than acid functional groups because the heat treatment caused an oxidation of Lewis oxygen within the structure of silica surface with basic site more than acid site. Moreover, further raising the reaction temperature from 350 to 400 decreased the quantity of acid group on the SBA-15 surface.
From the product selectivity presented in Fig. 4 , it is obvious that the Zr-La/SBA-15-HT was able to dehydrate ethanol to ethylene with 95 selectivity at 400 , while at this temperature, ethylene selectivity was only 91 and 33 for Zr/SBA-15-HT and SBA-15-HT, respectively. Although the SBA-15 catalysts obtained by sol-gel method showed lower activity than the ones obtained from the hydrothermal method, the ethylene selectivity was found to be in the order of Zr-La/SBA-15-SG Zr/SBA-15-SG SBA-15-SG. The outstanding catalytic performance of all SBA-15 catalysts SG and HT indicated that there might be some interactions between metal Zr and Zr-La used in each method, which played an important role in the ethanol dehydration to ethylene. Considering the ethylene yields product of ethanol conversion and ethylene selectivity obtained from each catalyst, they are shown in Fig. 5 . At lower temperature ca. 200 , there was no ethylene 
The Catalytic Performance for Ethanol Dehydration on SBA-15 Supported Catalysts
produced for all SBA-15 catalysts SG and HT . Fundamentally, it increased with increasing reaction temperature up to 400 . At this temperature, the highest ethylene yield 80 with only slight amounts of DEE and acetaldehyde Table 2 was obtained from the Zr-La/SBA-15-HT catalyst. The increased ethylene yield is associated with the appearance of Brønsted acid site due to the replacement of tetravalent Si 4 by larger Zr 4 and La 3 ions in the framework of the SBA-15 mesoporous silica.
CONCLUSION
The catalytic performance for ethanol dehydration from the temperature range of 200 to 400 over various SBA-15 catalysts prepared by sol-gel and hydrothermal methods was investigated. The method of preparation has a significant impact on the catalytic performance, since it influences the catalyst porosity, structure and surface composition. It appears that the Zr-La/SBA-15-HT catalyst showed the highest catalytic activity with 84 conversion of ethanol and ethylene selectivity 95 to obtain the ethylene yield of ca. 80 at 400 , indicating some interactions between metals Zr and Zr-La used with hydrothermal method, which played an important role in the ethanol dehydration. Furthermore, the present study has shown the broad distribution of acid sites especially weak acid sites on these catalysts that could allow them to be used for the dehydration of ethanol to ethylene. 
